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Savannas cover approximately 20% of the land surface 
of the Earth, and thus constitute one of the world’s largest 
biomes. Savannas are characterised by the co-dominance 
of two contrasting life forms, with herbaceous species 
(mainly grasses) forming a continuous matrix in which 
woody plants occur at varying densities. Ecological studies 
in savannas have focused on the dynamic coexistence of 
these two life forms (Huntley and Walker 1982; Sarmiento 
1984; Belsky 1990), and they have demonstrated that the 
relative proportion of herbaceous and woody components 
is determined by multiple factors – primarily climatic 
variability, herbivory, fire and soil fertility, interacting in 
complex ways (Bond and van Wilgen 1996; Scholes and 
Archer 1997; Bond et al. 2003; Sankaran et al. 2005). Given 
the economic and conservation importance of savannas 
in Africa (where most of the world’s savannas are found), 
the paucity of long-term experiments that investigate the 
effects of fire and grazing on the herbaceous layers of the 
vegetation is remarkable. The results obtained from the 
Kruger National Park’s long-term Experimental Burn Plots 
are highly significant for the management of this essential 
biome for wildlife and domestic livestock.
In 1954, a long-term fire experiment was initiated in the 
Kruger National Park (KNP), South Africa, with the goal of 
assessing the effects of fire on range condition in areas 
grazed by wild ungulates rather than domestic livestock 
(van der Schijff 1958). The experiment is ongoing, and it 
has yielded many insights into the effects of fire on woody 
vegetation, invertebrates, small mammals, birds, soils, fire 
behaviour and nutrient cycling (see van Wilgen et al. 2007 
for a recent review). There are two noteworthy features of 
this experiment. The first is that, despite the diligent mainte-
nance of treatments, nearly four decades were to pass 
before a significant number of results were reported (van 
Wilgen et al. 2007). The second is that until recently (see 
Smith et. al. 2013) none of these reported results addressed 
the effects of the treatments on the herbaceous layers of 
the vegetation. Partly this was due to changing ecological 
paradigms (from a stable balance to flux and variability), 
which took the focus away from fixed-term treatments, 
and partly to changing management goals (from a focus 
on wildlife conservation to biodiversity conservation), 
which resulted in many studies that addressed aspects of 
the experiment that were not central to the original goal of 
assessing the effects of season and frequency of burning on 
range condition (van Wilgen et al. 2007).
In this paper, we report on the effects of burning at 
different intervals and in different seasons on range 
condition at three sites at which the KNP fire experiment 
was maintained, and discuss the broader implications for 
fire effects and management in savanna areas. Range 
condition is commonly used by range scientists as a 
basis for estimating the grazing capacity of the vegetation 
(Jordaan et al. 1997), and for making decisions on whether 
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Few assessments of the effects of fire and grazing on the herbaceous components of savannas have been 
reported for Africa. In the Kruger National Park, South Africa, range condition was monitored at three savanna 
sites spanning a rainfall gradient of 450 to 700 mm and subject to grazing by wildlife. The sites were burnt at 
1-, 2- and 3-year intervals, in different seasons and included a control treatment excluding fire for 40 years. Initial 
surveys of the herbaceous vegetation were conducted between 1954 and 1957 and repeated between 1998 and 
2001. Grass species were categorised as either decreaser or increaser species, which decline or increase with 
over- or under-utilisation, respectively, and their potential to provide forage and fuel for fires indicative of range 
condition were derived. Range condition improved with regular burning in the moist sites, but deteriorated in the 
arid sites over all seasons and frequencies of burning. It is concluded that the current homogenous approach 
to burning across the Park needs to be adapted by reducing the frequency of fires at more arid sites and can be 
achieved by burning according to the proportions of decreaser and increaser species reflecting the ecological 
status of the herbaceous vegetation.
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or not to burn and for applying grazing management. Our 
primary purpose was to address the original goals of the 
experiment by assessing the effects of treatments over 
40 years, across a rainfall gradient, on range condition. 
While the findings can be used to inform the management 
of conservation areas such as the KNP, they are  also of 
significant relevance to the formulation of management 
guidelines for savanna areas utilised elsewhere for livestock 
production and game ranching.
Methods
Study area
The KNP is located in the Limpopo and Mpumalanga 
provinces of north-eastern South Africa (Figure 1). The 
park covers c. 2.0 million ha, with elevations ranging from 
260 to 839 m above sea level. Mean annual rainfall is 
537 mm, with relatively high interannual variation and with 
75% occurring during the growing season (October–April; 
Zambatis 2003). A distinct rainfall gradient occurs in the 
park; mean annual rainfall is lowest (c. 350 mm) in the north 
and highest (c. 750 mm) in the south. The vegetation of 
the park is a well-wooded savanna, dominated by trees in 
the genera Acacia (Senegalia and Vachellia), Combretum, 
Sclerocarya and Colophospermum. The western half of 
the park is underlain by granites (relatively nutrient-poor), 
while the eastern half is underlain by basalts (relatively 
nutrient-rich; Figure 1). Mean herbivore densities were 
approximately 18.4 ha per equivalent animal unit (Table 1), 
although populations fluctuated over the duration of the 
reporting period.
Experimental design
The KNP plot-based fire experiment was initiated in 1954 
at four sites that capture the Park’s major vegetation types, 
major axes of variation in climate (precipitation amounts 
and variability), and an axis of soil fertility (nutrient-rich 
basalts vs nutrient-poor granites; Figure 1, Table 2). As a 
consequence, the sites differ considerably in productivity 
(Table 2; Kennedy and Potgieter 2003), abundance of 
woody plants (Higgins et al. 2007) and levels of herbivory 
(van Wyk 1971; Mills and Fey 2005). 
The experiment is a semi-randomised complete block 
design with different combinations of three fire frequencies 
(1-, 2-, and 3-year return intervals) and five seasons (winter 
[August], spring [October], early summer [December], 
late summer [February], and autumn [April]) treatments, 
as well as a control (fire exclusion) treatment (Biggs et al. 
2003). Each fire treatment is applied at the plot level (see 
below). The 2- and 3-year fire frequency treatments are 
fully crossed with the fire season treatments, whereas the 
1-year treatment is burnt only in August. Herbivores have 
open access to the plots. Although the initial intention of the 
experiment was to investigate only the effects of fire, the 
fact that all plots were open to grazing herbivores means 
that the effects of herbivory cannot be isolated from those of 
fire, and the experiment should be regarded as an investi-
gation of the effects of fire with simultaneous grazing. All 
treatments were initiated between 1956 and 1958 and, 
although considerable effort was made to adhere to the fire 
treatments over the duration of this ongoing experiment, not 
every plot was burnt according to schedule – mainly due 
to weather, insufficient fuel or unintentional burning (Biggs 
et al. 2003). Data from Biggs et al. (2003) were used to 
determine relative fire frequencies for the plots. If a fire 
report was missing for a scheduled burn year (2–3% of all 
scheduled burns), the plot was treated as if it had not been 
Figure 1: Location of four sites in which the fire experiment 
was replicated in representative vegetation types in the Kruger 
National Park, South Africa (from van Wilgen et al. 2007). Sites 
(see Table 1) are arrayed along north–south precipitation and 
productivity gradients and among two coarse-level soil types 
(white  granite, grey  basalt). Hatched shading shows extent of 
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burnt. The relative fire frequency was calculated for each 
plot as the number of fires that occurred divided by the 
duration of the treatment (in years) for each study site (note 
that durations differed by 2 to 3 years among the sites).
Vegetation sampling
Herbaceous vegetation was sampled twice on the plots, 
once prior to initiation of the experiment (between 1954 
and 1957) and again in 1998 (Knobthorn–Marula), 2000 
(Mopane) and 2001 (Sourveld and Combretum). For 
both surveys, grasses were identified to species, and all 
non-grass herbaceous plants were recorded as ‘forbs’; 
nomenclature follows van Wyk and van Wyk (1997) and 
van Oudtshoorn (1999). For the pre-treatment 1954 
survey, herbaceous vegetation was sampled using the 
point quadrat technique. A Levy Bridge with 10 metal 
rods arranged 5 cm apart was placed at c. 6 m intervals 
along transects diagonally located in each plot for a total 
of 500 points per diagonal (1 000 points per plot). The 
number of strikes on living, rooted plants was recorded 
for each herbaceous species. For the post-treatment 
surveys, herbaceous vegetation was sampled using a 
step-point technique. In each plot, 100 points placed 
c. 2 m apart were sampled along two diagonal transects 
(c. 300 m) for a total of 200 points. Data were expressed 
as the percentage frequency of each species (calculated 
as 100 p/t, where p is the number of points encountered 
for a species, and t is the total number of points sampled). 
Although the sampling methods differed between the two 
surveys, the relative frequency measures were assumed 
to be comparable after the two procedures were compared 
in the field and found to yield similar results in terms of 
the percentage frequency of different grass species. This 
decision is supported by Mentis (1981), who evaluated the 
wheel-point and step-point methods for assessing veld 
condition and concluded that the step-point method did 
not differ in precision or in absolute amount in estimating 
the percentage veld composition and the veld composi-
tion score. He also concluded that adopting the step-point 
method in preference to the wheel-point method saves 
in equipment and man-power and renders the technique 
usable by extension officers and farmers who normally 
do not have a wheel-point apparatus available, as was 
the case in the resurveying of the Experimental Burn
Plots in the KNP.
Range condition scores
Grass species were assigned to one of three categories 
in terms of their response to grazing pressure. Decreaser 
species decrease when rangeland is under- or over-grazed, 
Species Mean mass (kg)
Proportion of 
grass in diet (%)
Equivalent 
animal units
Mean numbers in 
Kruger National 
Park
Total animal units 
contributing to grass 
consumption
Elephant (Loxodonta africana) 5 000 40 6.1 8 000 19 520
White rhinoceros (Ceratotherium simum) 3 000 100 4.1 2 000 8 200
Hippopotamus (Hippopotamus amphibious) 1 500 100 2.5 3 000 7 500
Warthog (Phacochoerus aethiopicus) 70 100 0.2 2 850 570
Zebra (Equus burchelli) 300 100 0.7 29 400 20 580
Buffalo (Syncerus caffer) 650 100 1.3 27 500 35 750
Wildebeest (Connochaetes taurinus) 180 100 0.5 12 550 6 275
Waterbuck (Kobus ellipsiprimnus) 200 100 0.5 3 300 1 650
Sable antelope (Hippotragus niger) 225 100 0.6 1 800 1 080
Tsessebe (Damaliscus lunatus) 135 100 0.4 820 328
Roan antelope (Hippotragus equinus) 280 100 0.7 250 175
Impala (Aepyceros melampus) 40 30 0.2 116 000 6 960
Table 1: Major mammalian grazing herbivore species in the Kruger National Park, expressed in terms of equivalent animal units [(mean 
mass)0.75/97.7], where 97.7  the metabolic mass (in kg) of one animal unit (Scarnecchia 1985). Mean numbers are from annual census data 
(Joubert 2007; Owen-Smith and Ogutu 2003). Totals are corrected for the proportion of grass in the species’ diet










Sourveld 1954–2001 Terminalia sericea, Dichrostachys 
cinerea
Granite 705.5 39.4 411.7 34.3
Combretum 1954–2001 Combretum collinum, C. zeyheri Granite 572.3 35.4 347.1 47.6
Knobthorn–Marula 1956–1998 Acacia nigrescens (Senegalia 
nigrescens), Sclerocarya birrea
Basalt 507.9 39.0 316.6 59.3
Mopane 1957–2000 Colophospermum mopane Basalt 451.9 55.0 300.0 53.4
Table 2: Salient features of study sites located in four major vegetation types of the Kruger National Park, South Africa (see Figure 1). 
Mean annual precipitation and variability (%CV) were estimated using data collected between 1982 and 2003 from nearby weather stations. 
Average standing crop (total aboveground biomass of herbaceous material) and variability (%CV) were estimated from 27 monitoring points 
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Increaser I species increase when rangeland is under- 
and/or selectively grazed, and Increaser II species 
increase when rangeland is overgrazed (Dyksterhuis 
1949; Trollope et al.1990). Grass species were also 
assigned a forage factor (on a scale of 0 to 10) based on 
their relative potential to produce nutritious forage for 
grazing ungulates (Trollope 1990; Hardy et al. 1999). Each 
species was assigned a fuel factor as recommended and 
used by Trollope (1990) for assessing range condition 
in the KNP. This is based on its potential to produce fuel 
that would support a spreading fire. Fuel factors are used 
by range scientists as a basis for assessing the viability 
of using fire as a management practice, for example in 
terms of its ability to produce sufficient fuel to combat 
encroachment by woody vegetation, or to support fires that
can maintain forage values.
These forage and fuel factors were used to calculate 
range condition scores. The contribution of each species in 
a plot was estimated as the product of relative frequency 
and its forage or fuel factor. Range condition scores for 
forage and fuel were calculated for each plot as the sum of 
the individual contributions of each species on the plot. Pre- 
and post-treatment values for these scores were subjected 
to analysis of variance and, in cases where the differences 
were significant (P  0.05), the means were compared 
using Fisher’s least significant difference procedure.
Results
Grass species composition and turnover
Bearing in mind that range condition refers to the condition 
of the vegetation in relation to some functional charac-
teristics, and in this case the forage and fuel produc-
tion potential of the grass sward (Trollope et al. 1990) as 
reflected by the botanical composition, the broad trends 
in the effects of burning and grazing were very similar 
at the moist Sourveld and Combretum sites. However, 
the Combretum site data were not included in the more 
detailed analyses reported below because they were 
similar to the moist Sourveld site. A total of 65 herbaceous 
plant species were found in the Sourveld, Knobthorn–
Marula and Mopane sites in the pre- and post-treatment 
surveys (Table 3), of which 14, 13 and 38 were Decreaser, 
Increaser I and Increaser II species, respectively (forbs 
were regarded as a single Increaser II species). Decreaser 
species tended to have higher mean forage factors (5.6) 
followed by Increaser I species (3.0) and Increaser II 
species (1.8). Mean fuel factors were similarly but less 
markedly related to grass species categories (mean factors 
of 6.2, 5.8 and 2.6 for Decreaser, Increaser I and Increaser 
II species, respectively). Over half (34) of the species 
persisted on the plots between the pre- and post-treatment 
surveys, 19 species (3 Decreaser, 3 Increaser I and 
13 Increaser II species) were lost, and 12 species 
(1 Decreaser, 2 Increaser II and 9 Increaser II species) 
appeared (Table 3) between the two surveys.
Fire and grazing at the Sourveld site
Range condition, as measured by the forage and fuel 
scores, improved following the application of more than 
four decades of fire treatments at the moist Sourveld 
site (Table 4). Mean forage scores increased by c. 35% 
following almost all regular burning treatments, but winter 
burns had no effect. Fuel scores were mainly unaffected 
by the fire treatments, but did increase by between 8% and 
17% following spring burns, or biennial burns, indicating a 
small increase in the potential for the plots to support fire. 
These changes were accompanied by increases of 100% 
in the mean relative percentages of the Decreaser species 
(except in the case of annual burning, where there was 
no effect). These changes indicate that, except for annual 
burning in winter, regular burning at 2- to 3-year intervals in 
most seasons has had a positive effect on range condition 
in this moist savanna. The lower impact of the treatments 
in the winter burns could possibly be attributed to higher 
levels of herbivory. Grazing ungulates tend to concen-
trate on plots burnt in winter, because of the green flush at 
a time when the surrounding vegetation is cured and less 
attractive to grazers.
Protection from fire also increased forage and fuel scores, 
and the relative percentage of Decreaser species (see 
Discussion).
Fire and grazing at the Knobthorn–Marula site
There were no clear patterns that emerged from the 
application of treatments at the Knobthorn–Marula site 
(Table 4). Regular burning had either no effect (in the 
combined biennial and triennial burns, or in the spring, early 
and late summer and autumn burns), or led to a decrease in 
forage scores (in the winter burns). Fuel scores increased 
following spring and early summer burns, but decreased 
with all other burning treatments. The relative importance of 
Decreaser species declined following all treatments except 
the early summer burns. Protection from fire resulted in 
increases in the mean forage scores, and decreases in the 
fuel scores, and had no effect on the relative importance of 
Decreaser species. 
Fire and grazing at the Mopane site
Range condition, as measured by the forage and fuel 
scores, has generally deteriorated at the Mopane site 
(Table 4). Mean forage scores decreased in all fire 
treatments except the early summer burns. Fuel scores 
were also lower in all fire treatments, indicating a reduced 
potential for the vegetation to support fires. The relative 
importance of Decreaser species declined in all fire 
treatments except the early summer treatment. Protection 
from fire had no effect on the mean forage scores, but 
decreased the relative importance of Decreaser species 
and the mean fuel scores. Decreaser species made up 
between 53% and 60% of the strikes in 1957, but this 
declined significantly (P  0.05) to between 12% and 30% 
in 2000, following the application of repeated burning, 
while protection from fire did not reduce the relative contri-
bution of Decreaser species (Table 4). Increaser I species 
contributed 1% of plants on the plots (Table 3), and the 
Decreaser species were replaced by Increaser II species, 
indicative of over-utilisation on the burnt plots. In reality, 
the annual, biennial and triennial burning treatments were 
applied to the Mopane plots at intervals of 2, 4 and 5 years 
(Figure 2), and the long-term mean fire return period for the 
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Species Category Forage factor
Fuel 
factor















Setaria sphacelata Decreaser 6 7 6.1 23.5 - - - -
Diheteropogon amplectans Decreaser 5 6 6.0 3.2 - - - -
Panicum maximum Decreaser 10 8 4.7 17.6 3.7 7.0 2.7 5.0
Digitaria eriantha Decreaser 4 4 1.6 2.9 23.2 1.4 8.2 0.5
Andropogon schirensis Decreaser 4 6 0.3 - - - - -
Themeda triandra Decreaser 5 7 0.2 0.7 11.7 2.8 7.5 1.1
Brachiaria nigropedata Decreaser 4 4 0.1 0.3 - - - -
Cenchrus ciliaris Decreaser 5 6 - - 0.9 0.3 9.3 5.4
Fingerhuthia africana Decreaser 2 3 - - - - 2.4 -
Ischaemum afrum Decreaser 4 7 - - 0.2 - 1.6 -
Panicum coloratum Decreaser 7 7 - - 12.4 15.3 20.3 6.4
Panicum deustum Decreaser 10 8 - 0.5 - - 0.1 -
Setaria incrassata Decreaser 6 7 - - 0.9 0.1 3.9 -
Setaria woodii Decreaser 6 7 - - - - - 1.0
Hyperthelia dissoluta Increaser I 4 10 19.9 12.7 - - - -
Elionurus muticus Increaser I 3 5 10.0 - - - - -
Loudetia simplex Increaser I 3 6 9.1 1.5 - - - -
Schizachyrium sanguineum Increaser I 3 5 7.2 2.5 - - - -
Sporobolus pyramidalis Increaser I 3 6 2.4 - - - - -
Hyparrhenia filipendula Increaser I 5 8 2.3 4.7 - - - -
Trachypogon spicatus Increaser I 1 3 2.1 0.3 - - - -
Loudetia flavida Increaser I 3 6 - 3.6 - - - -
Cymbopogon excavatus Increaser I 3 7 0.4 0.1 - - 0.5 -
Brachiaria brizantha Increaser I 4 6 0.4 - - - - -
Aristida stipitata Increaser I 2 2 0.1 - - 0.2 0.2 -
Eriochloa stapfiana Increaser I 3 5 - 0.1 - - - -
Sorghum versicolor Increaser I 4 10 - - - - 0.3 0.4
Heteropogon contortus Increaser II 2 4 6.1 8.9 0.4 0.1 5.9 0.5
Forb Increaser II 2 0 5.9 5.8 0.4 3.1 0.3 -
Eragrostis racemosa Increaser II 2 2 3.3 - - 0.4 - -
Cynodon dactylon Increaser II 2 2 1.8 1.3 - - - -
Pogonarthria squarrosa Increaser II 1 3 1.8 2.3 - - - -
Michrochloa caffra Increaser II 0 0 1.4 0.8 - - - -
Perotis patens Increaser II 0 0 1.4 1.9 - - - -
Trichoneura grandiglumis Increaser II 2 2 1.1 - - - - -
Aristida congesta Increaser II 1 2 0.9 0.1 0.4 3.7 0.3 6.0
Melinis repens Increaser II 1 2 0.4 - - - 0.1 -
Urochloa mosambicensis Increaser II 3 3 0.4 1.3 1.2 31.8 1.7 27.8
Eragrostis superba Increaser II 1 2 0.3 0.4 0.1 0.1 1.0 -
Sporobolus nitens Increaser II 2 2 0.2 - - 2.1 - -
Eragrostis lappula Increaser II 1 2 0.2 - - - - -
Eragrostis rigidior Increaser II 0 2 0.2 0.5 - - 0.4 0.1
Sporobolus panicoides Increaser II 3 3 0.2 - - - - -
Digitaria monodactyla Increaser II 2 2 0.2 - - - - -
Eragrostis curvula Increaser II 2 5 0.1 - - - - -
Tricholaena monachne Increaser II 2 3 0.1 - - - 0.2 -
Schmidtia pappophoroides Increaser II 3 3 0.1 - 0.2 0.6 8.5 5.8
Bewsia biflora Increaser II 2 2 0.1 - - - - -
Chloris gayana Increaser II 4 7 0.1 - - - - -
Aristida adscensionis Increaser II 2 2 - - - 0.1 0.9 -
Bothriochloa bladhii Increaser II 2 7 - - - - - 3.4
Bothriochloa radicans Increaser II 2 7 - - 44.8 26.6 19.0 -
Brachiaria eruciformis Increaser II 2 2 - - - - 0.1 -
Digitaria longiflora Increaser II 2 2 - 0.6 - - - -
Enneapogon cenchroides Increaser II 1 2 - - 0.6 3.5 36.4
Enneapogon scoparius Increaser II 1 1 - - - - 0.9 -
Eragrostis lehmanniana Increaser II 3 3 - 0.1 - - - -
Melinis nerviglumis Increaser II 1 2 - 1.2 - - - -
Tragus berteronianus Increaser II 0 0 - 0.3 - 1.6 - -
Urochloa rhodesiensis Increaser II 2 2 - - - - 0.1 -
Sporobolus africanus Increaser II 2 4 - 0.1 - - - -
Urochloa oligotrica Increaser II 6 7 - 0.1 - - - -
Chloris virgata Increaser II 1 2 - - - 1.9 - -
Digitaria velutina Increaser II 1 1 - - - 0.2 - -
Diplachne fusca Increaser II 2 2 - - 0.1 - - -
Table 3: Salient characteristics and mean relative frequency of all grass species encountered in successive surveys on the Experimental 
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Discussion
Comparison to other African studies
There have been few studies in Africa that have examined 
the effects of fire and herbivory on the herbaceous 
component of savanna vegetation, using an experimental 
approach, with repeated treatments. Those that have 
been conducted (Table 5) have either employed annual 
burns only, or burning in a single season. In all experi-
ments, burning treatments were also fixed, and thus did 
not simulate the variability in return periods, seasons 
and intensities that are inherent in fire-prone ecosys-
tems, especially those with more variable rainfall regimes 
(van Wilgen et al. 2007). The major findings of these 
experiments, with regard to the effects of treatments on 
herbaceous components of the vegetation, have broadly 
been inconclusive (Table 5). The experiments tended to 
focus on the impacts of fire on the woody vegetation. Partly, 
this was because the colonial governments placed a high 
value on tree cover, in turn in response to the view held by 
influential colonial botanists that woody vegetation should 
be the dominant natural cover (Larisand Wardell 2006). 
The focus on woody vegetation also came about because 
change in the woody component is the most striking 
outcome of the treatments (Furley et al. 2008; Higgins et 
al. 2007; Laris and Wardell 2006). The KNP study differs 















relative % of 
Decreaser species
Mean post-treatment 
relative % of 
Decreaser species
Sourveld Spring 338a 477c 561ab 655bc 16a 41cd
Early Summer 372ab 512c 593abc 611abc 22ab 50d
Late Summer 340a 510c 568ab 615bc 18a 53d
Autumn 350ab 525c 539a 599abc 24ab 54d
Winter 358ab 410b 563ab 574ab 16a 33bc
Annual 346a 346a 554abc 497a 17a 32ab
Biennial 346a 488b 565ab 628c 18a 45bc
Triennial 359a 498b 566ab 609bc 23a 50c
No Fire 352a 652c 564a 668b 20a 77c
Mopane Spring 420d 301abc 576d 392bc 55bc 29a
Early Summer 395de 354cde 548d 404c 53bc 30ab
Late Summer 394de 239a 528d 302a 54bc 13a
Autumn 425d 278ab 578d 326ab 60c 17a
Winter 415d 242a 559d 302a 55c 12a
Annual 453c 280a 591c 333ab 60bc 14a
Biennial 410bc 262a 574c 331b 55c 16a
Triennial 401bc 296a 535c 353b 54c 21a
No Fire 413b 416b 557c 463b 55b 42ab
Knobthorn–
Marula
Spring 370ab 333ab 602cde 540bc 54d 29ab
Early Summer 402b 395b 623de 558bcd 55d 34bc
Late Summer 376ab 394b 636e 506b 52cd 31ab
Autumn 376ab 342ab 623de 413a 51cd 20ab
Winter 372b 302a 617de 415a 53d 15a
Annual 387bc 271a 627cd 394a 53cd 8a
Biennial 351ab 333ab 631ad 478ab 44c 22ab
Triennial 405c 379bc 607cd 499b 62d 29b
No Fire 378a 532b 620c 558ab 53b 47b
Table 4: Mean forage and fuel scores, and the mean relative percentage of Decreaser species associated with a range of fire season and 
frequency treatments between two successive surveys (1954–1957 and 1998–2001, see Table 2) at three sites in the Kruger National Park, 
South Africa. Means followed by the same superscript letter do not differ significantly (P  0.05)
Figure 2: Relative fire frequency (calculated as x/y, where x  
the number of fires applied and y  the years of existence of 
the treatment) achieved for different fire treatments (various 
frequencies or protection from fire) on experimental burning plots 
in the Kruger National Park in Sourveld, Combretum, Knobthorn–
Marula and Mopane vegetation types. Quadrennial and sexennial 
treatments were added in 1976 and are not reported on here. 
Open circles indicate the intended level of treatment (from van 
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condition, in the more comprehensive set of crossed 
season and frequency treatments, and the replication 
across a rainfall gradient. It has thus been possible in the 
case of the KNP experiment to make important distinc-
tions between fire effects on the herbaceous component at 
the extremes of the rainfall gradient. Regular burning of the 
grass sward at the high-rainfall, low-nutrient Sourveld site 
improved range condition but in contrast protection from 
fire also increased forage and fuel scores, and the relative 
percentage of Decreaser species in the plots protected from 
fire. On the face of it, therefore, protection from fire has 
also led to improvements in range condition. However, the 
scores were due to the dominance of a single grass species 
(Panicum maximum), which had become tall and moribund 
on the plots. In addition, protection from fire at this site led 
to a doubling of woody plant biomass and a 25% increase 
in the number of individuals of woody species (Higgins et 
al. 2007). These changes made the plots unattractive to 
wild herbivores as the vegetation became relatively difficult 
to access, carried high tick loads and could provide cover 
for predators. These changes mean therefore that range 
condition has actually deteriorated with protection from 
fire and the application of regular fires to this Decreaser-
dominated stand would significantly improve the physical 
condition of the vegetation for grazing by wild ungulates.
On the other hand, regular fire resulted in the deterio-
ration of range condition at the low-rainfall, high-nutrient 
Mopane site. The use of fire in such arid, nutrient-rich sites 
has long been discouraged through legislation governing 
the management of rangelands used for livestock produc-
tion in South Africa (Tainton 1999). In these arid areas, 
grazing pressure alone is regarded as sufficient to prevent 
the sward from becoming moribund, and fire was deemed 
unnecessary and even harmful. In conservation areas, on 
the other hand, fire has been regarded as a natural process 
that is assumed to play an important role in maintaining 
the biodiversity that may not necessarily be needed for 
livestock production. Nevertheless, our assessment is that a 
fire return period in excess of 10 years in these arid vegeta-
tion types would appear to be needed to improve and/or 
maintain range condition.
Implications for fire management
In contrast to rangelands used for livestock production, fire 
has been used in protected areas over many decades as 
a conservation management practice. Fire management 
in the KNP has evolved over the decades in response to 
a growing understanding (van Wilgen et al. 2008; van 
Wilgen and Biggs 2011), culminating in the current policy 
that seeks to burn a proportion of the Park each year. 
When measured at the scale of the KNP, the area that 
burned every year was found to be highly dependent on the 
previous season’s rainfall, and thus on grass fuel loads. It 
was also demonstrated that the area burnt annually was 
not influenced by management approach (van Wilgen et 
al. 2004). The current fire management policy in the KNP, 
Table 5: Examples of experiments that have reported the effects of fire on herbaceous species composition and structure in African savannas
Location Duration Treatments applied Main findings Source
Zimbabwe 1953–1991 Annual, biennial, triennial 
and quadrennial late dry 
season burns, and protection 
from fire.
The fire treatments affected the relative 
abundance of grass species, but not the 
number of species. More frequent burning 
resulted in the relative dominance of ‘fire 
tolerant’ grass species, but there were no clear 
trends (for example, there were no consistent 
increases or decreases in species abundance 
with increasing fire frequency).
Furley et al. (2008)
Burkina Faso 1993–2004 Grazing and exclusion of 
herbivores, burning and 
protection from fire, and 
thinning or no thinning of 
trees. All treatments were 
fully crossed. Fires were 
annual burns at the start of 
the dry season.
Fire and grazing had effects on the structure 
and diversity of the herbaceous flora, but the 
responses were site-specific, and there were 
no consistent trends for herbaceous species 
diversity. The burning treatments increased 
the biomass of annual grasses and decreased 
the biomass of perennial grasses.
Sawadago et al. (2005); 
Savadago et al. (2008)
Ivory Coast Initiated in 1936 
and ran for 
several decades
Annual burns in the early dry 
season and in the late dry 
season, and protection from 
fire.
Late dry season burning led to the dominance 
of coarse, unpalatable grasses, and protection 
from fire led to the dominance of trees. Early 
dry season burns produced an intermediate 
result, and increased the dominance of the 
grass Andropogon gayanus, which is regarded 
as a valuable forage species.
Laris and Wardell (2006)
South Africa 1954 to present Annual, biennial and triennial 
burns in spring, summer, 
autumn and winter, and 
protection from fire.
Improvements in range condition (based on 
the relative dominance of grasses in different 
categories) with regular burning at sites with 
higher rainfall, but a deterioration in range 
condition with regular burning at sites with 
lower and more variable rainfall.
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which calls for the annual burning of a percentage of the 
Park, is based on this finding. In the KNP, the percentage 
to be burnt annually is determined separately for each of 
22 management sections, based on estimated grass fuel 
loads and the relationship between rainfall over previous 
seasons, grass fuel load and a percentage to be burnt (van 
Wilgen et al. 2004, 2008). The monthly progress towards 
the target is monitored throughout the burning season 
(May–November) and is reached through a combination 
of unplanned fires ignited by people, lightning fires and 
deliberate ignitions where necessary. The spatial distri-
bution of fires is at random. However, our results suggest 
that application of these rules can result in a deterioration 
of range condition in areas of lower rainfall. We believe that 
a change in fire management policy would be appropriate. 
The current approach of determining a percentage of 
the area to be burnt has no ecological basis and was 
adopted as an interim approach based on best available 
understanding, and can and should be modified in the light 
of new evidence (van Wilgen et al. 2008). Fires are also 
ignited at random within each management section without 
any consideration of the fire history or ecological status 
of the grass sward as indicated by the botanical composi-
tion in terms of Decreaser, Increaser I and Increaser II 
grass species of the area being burnt – that is, there are 
no rules to guide the placement of fires within manage-
ment sections. While the primary goal of management in 
the KNP is the conservation of biodiversity, an argument 
could be made for managing for improved range condition 
because (1) the measurement of biodiversity goals is notori-
ously difficult, but a better measure is needed to improve 
on simple measures of fire patterns alone, and (2) given 
the extent to which rangelands outside of the KNP are 
deteriorating, it would be defensible to maintain higher 
range condition scores within the KNP as a contribution to 
regional biodiversity. This suggests that, in areas of lower 
rainfall, range condition should be used as a guide as to 
whether to burn or not, and burning can be restricted to 
areas dominated by non-pioneer grass species (Decreaser 
and Increaser I species) with high range condition scores 
and with high fuel loads where the grass sward is in a 
moribund condition. Burning according to these criteria will 
maintain the resilience of grass communities.
Managing for range condition and biodiversity
The overarching goal of management in the KNP is the 
maintenance of biodiversity in all its facets and fluxes 
(Venter et al. 2008). This goal recognises that management 
should not focus on single species or groups of species, but 
rather that it should endeavour to promote the conservation 
of all species (van Wilgen et al. 2010). It further recognises 
that ecosystems are characterised by variability over space 
and time, and that management towards a desired stable 
state is inappropriate in a national park. At the outset of the 
KNP fire experiment, these goals had not been explicitly 
formulated, and the goal of the experiment was expressed 
in terms of the assessment of range condition. Range 
condition is a simple concept that is widely used by land 
users to set goals for the management of rangelands for 
production objectives comprising either domestic livestock 
or wild ungulates. However, the technique for assessing 
range condition only assesses grass species, and forbs 
are discounted. Although forbs only contributed c. 3% to 
the relative abundance of herbaceous plants in the surveys 
(Table 3), they contribute 84% to the species diversity of the 
herbaceous layer. Of the 1 421 taxa (species and subspe-
cies) of herbaceous plants in the KNP, 227 are grasses and 
the remaining 1 194 are forbs (G Zambatis, KNP Scientific 
Services, pers. comm., 2010). If range condition were to 
be used for setting management targets for the KNP, the 
question of whether there is a relationship between range 
condition and overall plant diversity arises. Very few studies 
have been conducted to address this question, and the 
results to date have not identified any clear relationships 
due to various shortcomings in the sampling approaches 
used (O’Connor et al. 2010). The inclusion of forbs into 
the rangeland assessment techniques is problematic. The 
identification of forb species in the field requires a level of 
knowledge that few people have, and the use of a point-
based approach will only record a fraction of the species 
present (Mentis 1984). An ability to assess forb diversity 
based on simple measures such as range condition is thus 
highly desirable and should receive research attention. 
Nevertheless, experience gained with the use of the current 
technique for assessing the condition of the grass sward 
described in this paper has resulted in generating ecolog-
ical data that has been, and is being, used to manage the 
grass sward with great success for both domestic livestock 
and wildlife management systems in South Africa (Trollope 
1984; Trollope et al. 2003; Trollope 2007; Trollope et al. 
2011). The significance of the results in this paper is that 
they clearly illustrate the necessity for frequent burning and 
grazing in moist savannas to maintain their condition and 
forage production potential. In contrast, the results clearly 
demonstrate the ecological sensitivity of arid savannas to 
the interaction of burning and grazing and the necessity to 
apply infrequent burning to maintain the forage production 
potential of these ecosystems. Finally, the effect of season 
and frequency of burning and grazing on the condition of the 
grass sward has manifested itself after an extended period 
of time (40 years), which is unique in itself and provides 
the necessary confidence for accepting the aforementioned 
conclusions. It is, of course, unfortunate that the effects of 
the burning and grazing treatments were not assessed more 
regularly during the course of the experiment. However, the 
fact that there were such clear differences in the response 
of the vegetation in the moist and arid savannas after 
such an extended period of time mitigates this research 
deficiency in the results. It is firmly believed that the results 
from this long-term experiment are of great significance for 
formulating fire management programs for savannas that 
will ensure their resilience to ecological perturbations such 
as global climatic change in the future. 
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